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ͳǤ,QWURGXFWLRQ
%DFNJURXQG
0RVW(XURSHDQFRXQWULHVDQG86$IXQGSURMHFWVRUJDQL]HGE\FRQVRUWLXPVRIXQLYHUVLWLHVUHVHDUFK
FHQWUHV HQHUJ\ SURYLGHUV FDU PDQXIDFWXUHUV DQG VRPHWLPHV FDUVKDULQJ FRPSDQLHV LQ RUGHU WR FUHDWH
QHWZRUNV RI HOHFWULFYHKLFOH FKDUJHV VR DV WR HQFRXUDJH WUDQVSRUW VWDNHKROGHUV WR LQFRUSRUDWH HOHFWULF
WUDQVSRUWPRGHVLQWKHLUGDLO\WUDYHOSDWWHUQV([DPSOHVRIWKHVHSURMHFWVDQGV\QHUJLHVDUHWKHH0RELOLW\
LQ *HUPDQ\ 5:( 3DUN 	 &KDUJH >KWWSZZZSDUNFKDUJHFK@ (2Q >KWWSZZZHRQFRP@ 9:
'DLPOHU9DWWHQIDOODQG%0:WKH029(/(LQ6SDLQKWWSZZZLGDHHVWKH6$9(LQ)UDQFH(')
DQG %HWWHU 3ODFH >KWWSZZZEHWWHUSODFHFRP@ WKH 02%,( LQ 3RUWXJDO 5HQDXOW1LVVDQ WKH H
0RELOLW\ LQ ,WDO\ (QHO >KWWSZZZHQHOLW@ 60$57 >KWWSZZZVPDUWGH@ WKH (OHFWULVFK LQ
1HWKHUODQGV 1XRQ DQG (S\WRQ WKH *UHHQ 6WUHHP LQ 3RODQG (.2(1(5*(7<.$ ± =DFKRE
>KWWSHNRHQHUJHW\NDFRPSO@ DQG RWKHU LQ %HOJLXP 7KH3OXJLQ&RPSDQ\
>KWWSZZZWKHSOXJLQFRPSDQ\FRP@ DQG (OHFWURPRWLYH >KWWSZZZHOHNWURPRWLYHFRP@ 'HQPDUN
0RYH$ERXW >KWWSZZZPRYHDERXWQHW@%HWWHU3ODFH6ZHGHQ0RYH$ERXW6ZLW]HUODQG 3DUN	
&KDUJH ,UHODQG 5HQDXOW1LVVDQ DQG (6% /X[HPERXUJ 7KH3OXJLQ&RPSDQ\ DQG (OHFWURPRWLYH
1RUZD\0RYH$ERXW8.(OHFWURPRWLYH$XWROLELQ/\RQ)UDQFHLVWKHILUVWIXOO\RSHUDWLRQDO
FDUVKDULQJV\VWHPZLWKDFRPSOHWHO\HOHFWULFFDUIOHHWFRQVLVWHGE\HOHFWULFFDUVLQVWDWLRQV9ORWWH
LVRSHUDWHGLQWKH$XVWULDQSURYLQFHRI9RUDUOEHUJDUXUDOUHJLRQZLWKORZSRSXODWLRQGHQVLW\EXW
KLJKKRPRJHQHLW\5HVLGHQWVXVHSXEOLFWUDQVSRUWF\FOLQJDQGZDONLQJEXWWKHUHDUHVWLOOPDQ\WKDWXVH
PRWRUL]HG WUDQVSRUW 7KLV SDUW RI WKH SRSXODWLRQ 9/277( KRSHV WR DWWUDFW 7KH V\VWHP ZLOO KDYH D
QHWZRUNRIVLWHVEXW WKHYHKLFOHVFDQEHUHFKDUJHGDWDQ\VLQJOHSKDVHVRFNHW9/277(LVD WRWDOO\
JUHHQSURMHFWEHFDXVHWKHHOHFWULFLW\QHHGHGIRUWKHYHKLFOHVWRFKDUJHZLOOEHGHULYHGIURPSKRWRYROWDLF
DQGK\GURSRZHU
$VDUHVXOWLWLVH[SHFWHGWKDWWKHQXPEHURIHOHFWULFYHKLFOHV(9¶VZLOOVLJQLILFDQWO\LQFUHDVHLQWKH
QHDU IXWXUH 7KLV WUHQG QHFHVVLWDWHV WKH SODQQLQJ DQG LPSOHPHQWDWLRQ RI HOHFWULF FKDUJHU QHWZRUNV
+RZHYHUDQRIILFLDOIUDPHZRUNWKDWSRVHVWKHUXOHVRIWKHFKDUJHU¶VORFDWLRQVRDVWRDFKLHYHPD[LPXP
RSWLPL]DWLRQLVDEVHQWIURPFXUUHQWELEOLRJUDSK\DVSUHVHQWHGEHORZ
2YHUYLHZRIUHODWHGZRUNDQGSDSHUREMHFWLYHV
)DFLOLW\ ORFDWLRQ KDV EHHQ IRU PDQ\ \HDUV D PDMRU VXEMHFW RI UHVHDUFK 7KH HYHULQFUHDVLQJ XVH RI
*HRJUDSKLFDO,QIRUPDWLRQ6\VWHPV*,6FUDWHVQHZSHUVSHFWLYHVIRUIDFLOLW\SRVLWLRQLQJ+DNLPL
ILUVW VXJJHVWHG DQ DOJRULWKP IRU WKH ORFDWLRQ RI WKH VZLWFKLQJ FHQWHUV+H VXJJHVWHG WKDW WKHLU ORFDWLRQ
VKRXOG PLQLPL]H WKH PD[LPXP GLVWDQFH IURP WKH IDUWKHVW FRPPXQLW\ 'REVRQ  XVHG *,6 WR
YLVXDOL]H WKH UHVXOWV RI GLIIHUHQW VFHQDULRV RI HQHUJ\ IDFLOLW\ ORFDWLRQ XVLQJ PXOWLFULWHULD HYDOXDWLRQ
0&$WHFKQLTXHV+HSURSRVHGWKDWWKHORFDWLRQVHOHFWLRQFULWHULDDQGWKHLULPSRUWDQFHDUHUHODWHGZLWK
WKH GDWD UHTXLUHPHQWV DQG VKRXOG EH GHILQHG LQ DQ HDUO\ VWDJH &XUUHQW  DQDO\]HG  SDSHUV RI
PXOWLREMHFWLYH DQDO\VLV IRU VLWH VHOHFWLRQ DQG FRQFOXGHG WKDW WKHUH DUH IRXU GLIIHUHQW FDWHJRULHV RI
PRGHOLQJWKHREMHFWLYHVDQGUHVROYLQJWKHLVVXHVRIWKHORFDWLRQSUREOHPFRVWPLQLPL]DWLRQSURILW
PD[LPL]DWLRQGHPDQGRULHQWHGHQYLURQPHQWDOFRQFHUQVDQGWKHLUVXEFDWHJRULHV
0&$ZDVLQWURGXFHGE\&DUYHU7KLVWHFKQLTXHWDNHVLQWRDFFRXQWDYDULHW\RIIDFWRUVDVVLJQV
ZHLJKWVWRWKHPDQGUHWXUQVDYDOXHIRUHDFKORFDWLRQ7KHVHOHFWLRQRIRSWLPDOORFDWLRQLVDJHRVSDWLDO
WDVNDQGUHTXLUHVWKHXVHRI*HRJUDSKLFLQIRUPDWLRQ6\VWHPV*,6$*,6FDQPDQDJHVWRUHDQGSUHVHQW
JHRVSDWLDOGDWD$FFRUGLQJWR&DUYHUWKHLQWHJUDWHGWR*,6PXOWLFULWHULDPHWKRGVSURYLGHWKHXVHUZLWK
WRROV WR HYDOXDWH DOWHUQDWLYHGHFLVLRQVEDVHGRQGLIIHUHQWPXOWLSOH FULWHULD9DULRXVPHWKRGRORJLHVKDYH
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EHHQ LQWURGXFHG XQWLO QRZ&DUYHU  VXJJHVWHG DPHWKRG WR ILQG WKH VXLWDEOH VLWHV IRU GLVSRVDO RI
UDGLRDFWLYH ZDVWHV $UHQW]H HW DO  GHILQHG DQ LWHUDWLYH WZRVWDJH 'LVFUHWH 0&$ 0'&0
WHFKQLTXH IRU WKH VHOHFWLRQ DQG HYDOXDWLRQ RI EHVWVHOHFWHG VLWHV 2WKHU VWXGLHV H[DPLQHG WKH RSWLPDO
ORFDWLRQRIKRVSLWDOV0DUNVRIZLQGIDUPV+DQVHQRIZDYHHQHUJ\FRQYHUVLRQV\VWHPV
1REUH  DQGRWKHUV&XUUHQW  DQDO\VHG DOO WKHGLIIHUHQW NLQGV DQG WKH FKDUDFWHULVWLFV RI WKH
IDFLOLW\ ORFDWLRQ FDVHV 7KH LQWHJUDWLRQ RI +DNLPL¶V WKHRU\ RI WKH SPHGLDQV ZLWK QHWZRUN DQDO\VLV
DOJRULWKPVDQGOLQHDUSURJUDPPLQJFUHDWHVQHZSURVSHFWVIRUORFDWLRQDOORFDWLRQ)DFLOLW\ORFDWLRQXVLQJ
JHRJUDSKLFLQIRUPDWLRQVWUXFWXUHVVXFKDVQRGHVZDVILUVWLQWURGXFHGE\5H9HOOHDQG6ZDLQDQG
ZDVH[WHQGHGE\5RVLQJHWDOZKRDSSOLHGOLQHDUSURJUDPPLQJIRUPXODWLRQIRUVLWLQJORFDWLRQWR
PLQLPLVH WKHGLVWDQFHRIS IDFLOLWLHV7HLW]DQG%DUW DQG'HQVKDP VXJJHVWHG WZRZLGHO\
NQRZQDOJRULWKPVIRUQHWZRUNDQDO\VLVRIORFDWLRQDOORFDWLRQRIIDFLOLWLHV
7KH LPSOHPHQWDWLRQ RI GHPDQGRULHQWHG V\VWHPV VXFK DV FDUELNHVKDULQJ VWDWLRQV RU HOHFWULF
FKDUJHUVUHTXLUHVJRRGSODQQLQJVRDVWRDFKLHYHWKHLUPD[LPXPXVDJH$VWXG\DW/D5RFKHOOH)UDQFH
,RQVKRZHG WKDWRISHRSOHZKRDUHQRWPHPEHUVRI WKH ORFDOFDUVKDULQJV\VWHPSRLQWRXW
WKDWWKHUHDUHQRWVWDWLRQVQHDUWKHLUUHVLGHQFLHV
7KHPHWKRG SUHVHQWHG LQ WKLV SDSHU HPERGLHV D GHPDQGGULYHQ DSSURDFK ,Q WKLV DSSURDFK HOHFWULF
FKDUJHUVQHHG WREHDOORFDWHG LQDZD\ WKDW WKHGHPDQGVHUYHG LVRSWLPL]HG7KLV LVDFKLHYHGZKHQ WKH
VRXUFH RI GHPDQG LV ZLWKLQ D GLVWDQFH RU WLPH RI WKH IDFLOLWLHV &XUUHQW  VR WKDW LW HIIHFWLYHO\
VDWLVILHV WKH GHPDQG 7KLV W\SH RI GHPDQG KDV EHHQ XVHG IRU SXEOLF VHUYLFHV HPHUJHQF\ DQG SULYDWH
VHFWRU$FFRUGLQJ WR1REUH  WKHUHDUH WZR W\SHVRI IDFWRUV WKDW VKRXOGEHFRQVLGHUHGDW DPXOWL
FULWHULDDQDO\VLV WKHZHLJKWHG IDFWRUV LQRXUFDVH WKHSRSXODWLRQHWF DQG WKH UHVWULFWLRQV5HVWULFWLRQV
FDQ EH UHODWHG ZLWK WKH VXUIDFH LQIUDVWUXFWXUH RI WKH VWUHHW ZKHQ VKDULQJ VWDWLRQV RU HOHFWULF FKDUJHUV
FDQQRWEHLPSOHPHQWHG
7KHUHPDLQGHURIWKLVSDSHULVVWUXFWXUHGDVIROORZV7KHPHWKRGRORJ\LVILUVWSUHVHQWHGIROORZHGE\
DQ RYHUYLHZ RI WKH FDVH VWXG\ VHWXS DQG GDWD SUHSURFHVVLQJ 7KH YDULDEOHV LQYROYHG LQ WKH GHFLVLRQ
SURFHVVDUH WKHQVHOHFWHG'DWD LV VSDWLDOO\DQDO\]HGDQGYLVXDOL]HG LQ5DQGDQ0&$LVDSSOLHGXVLQJ
GLIIHUHQWZHLJKWVWRWKHYDULDEOHVLQYROYHG)LQDOO\FRQFOXVLRQVDUHGUDZQFRQFHUQLQJWKHXVHIXOQHVVDQG
RWKHUXVHVRIWKHSURSRVHGRSWLPDOORFDWLRQPHWKRG
ʹǤ0HWKRGRORJ\XVHG
 $QRYHUYLHZRIWKHPHWKRGRORJ\IROORZHGLQWKLVUHVHDUFKLVSUHVHQWHGLQ)LJXUH,QWKHEHJLQQLQJ
RIWKHUHVHDUFKWKHDYDLODEOHGDWDZDVHYDOXDWHGLQRUGHUWRGHWHUPLQHWKRVHPRUHUHOHYDQWWRWKHSUREOHP
DWKDQG2QFHWKHGDWDUHODWHGZLWKWKHGHPDQGRIHOHFWULFFKDUJHUVZDVVHOHFWHGWKH\ZDVFROOHFWHG7KH
FROOHFWHGGDWDZDVSURFHVVHG WRGHWHFW DQG UHFWLI\SRVVLEOH LQFRQVLVWHQFLHV7KHGDWDZDV WKHQPDWFKHG
DQG UHODWHG WR D FRPPRQ UHIHUHQFH OHYHO VWUHHW LQWHUVHFWLRQV:KLOH WKH ILUVW SDUW RI WKH UHVHDUFKZDV
PDGHLQ$UF*,6(65,WKH5IUDPHZRUN5'HYHORSPHQW&RUH7HDPZDVVHOHFWHGIRU
WKH PRUH GHPDQGLQJ SURFHVVLQJ WDVNV DV ZHOO DV WKH ILQDO SUHVHQWDWLRQ RI WKH UHVXOWV 'DWD ZDV WKHQ
UHVFDOHGVRWKDW WKH\FRXOGEHXVHGWRJHWKHULQWKHVDPHPXOWLFULWHULDIUDPHZRUN$VFDOHIURPWR
ZDVVHOHFWHGIRUDOOYDULDEOHV7KHSUHVHQWDWLRQRI WKHUHVXOWVDV UDVWHUJULGVZDVPDGHSRVVLEOH WKURXJK
WKH XVH RI D QXPEHU RI 5 SDFNDJHV JJSORW :LFNKDP  UDVWHU +LMPDQV  DQG UDVWHU9LV
/DPLJXHLURDQG+LMPDQVRI5)LQDOO\DQ0&$DQGDVHQVLWLYLW\DQDO\VLVWRHYDOXDWHWKHGLIIHUHQW
VFHQDULRVZHUHDSSOLHG
7KHRSWLPDODOORFDWLRQDOJRULWKPZDVWKHQIRUPXODWHGDVDPXOWLFULWHULDRSWLPLVDWLRQSUREOHP/LNH
PXOWLREMHFWLYHRSWLPL]DWLRQPXOWLFULWHULDLVJHQHUDOO\VROYHGE\FRPELQLQJGLIIHUHQWYDULDEOHVLQWRRQH
VFDOHRYHUOD\6HQVLWLYLW\DQDO\VLVLVDOVRSHUIRUPHGLQZKLFKWKHZHLJKWRIHDFKREMHFWLYHLVDOORZHGWR
YDU\$OWKRXJKZHLJKWVDUHDOORZHGLQJHQHUDOWRUDQJHEHWZHHQDQGVRPHUHVWULFWLRQVFDQEH
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VHWEDVHGRQDSULRULH[SHFWDWLRQVDFFRUGLQJWRWKHH[SHFWHGLPSDFWRIWKHYDULDEOHVRQWKHUHVXOWV7KH
YDULDEOHV XVHG LQ WKLV UHVHDUFK DUH µWRWDO SRSXODWLRQ¶ µWRWDO QXPEHU RI SRLQWV RI LQWHUHVW¶ µDYHUDJH
LQFRPH¶DQGµGLVWDQFHIURPSDUNLQJ¶

7KHPRGHO¶VIRUPXODLV

\ Į[Į[Į[Į[       

:KHUH \ UHSUHVHQWV WKH VFRUH IRU HDFK VFHQDULR [L LV WKH YDULDEOH DQG ĮL LV WKH FRHIILFLHQW
SHUFHQWDJHZHLJKWRIHDFKYDULDEOHWKDWPD[LPL]HVWKHSHUFHSWLRQ
ĮSRS WRWDOSRSXODWLRQ
ĮSRL WRWDOQXPEHURISRLQWVRILQWHUHVW
ĮGSDU GLVWDQFHIURPSDUNLQJ
ĮLQF DYHUDJHLQFRPH
'DWDSUHSURFHVVLQJ
'DWDSURFHVVLQJ
6HOHFWLRQRIUHIHUHQFHOHYHO
$OOGDWDPXVWEHUHIHUUHGDWWKHVDPHOHYHO
 6HOHFWLRQRIYDULDEOHV
:KLFKGDWDDUHHTXLYDOHQWIRURXUUHVHDUFK
5HVFDOLQJ
6HWVDPHFODVVHVDWDOOYDULDEOHV
5DVWHUJULGV9LVXDOLVDWLRQ8VHRI5SURMHFWIRUVWDWLVWLFDOFRPSXWLQJ
0XOWLFULWHULDDQDO\VLV0DSDOJHEUD
$GMXVWGLIIHUHQWZHLJKWVWRGLIIHUHQWYDULDEOHV
'HFLVLRQ
,PSOHPHQWDWLRQRIVWDWLRQ
'DWDSUHSDUDWLRQ
3UHSURFHVVLQJLQ$UF*,6

3RSXODWLRQ
3RLQWVRILQWHUHVW
$YHUDJHLQFRPH
/RJGLVWIURPSDUNLQJ

2YHUOD\
5RDGLQWHUVHFWLRQV

1HZGDWD



)LJ0HWKRGRORJ\RYHUYLHZ

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7KHUHVXOWLQJPXOWLFULWHULDRSWLPL]DWLRQFDQEHZULWWHQDV

  
  
SRS SRL GSDU LQF
L
LW LW LW LW
D D D D$3 I SRS SRL GSDU LQF
§ · ¨ ¸© ¹
      
:KHUH
SRSLW WRWDOQXPEHURISRSXODWLRQPDURXQGWKHSRVLWLRQL
SRLLW WRWDOQXPEHURISRLQWVRILQWHUHVWPDURXQGWKHSRVLWLRQL
GSDULW DYHUDJHORJDULWKPLFGLVWDQFHRISRVLWLRQLIURPVKRSSLQJZD\
LQFLW DYHUDJHLQFRPHPDURXQGWKHSRVLWLRQL
͵Ǥ&DVHVWXG\VHWXS
.DODPDULDLVD0XQLFLSDOLW\ORFDWHGLQWKHJUHDWHU7KHVVDORQLNLDUHDLQWKHQRUWKHUQ*UHHFH)LJXUH
,W LV WKH VHFRQG ODUJHVWPXQLFLSDOLW\ ZLWKDSRSXODWLRQRIFORVH WR UHVLGHQWV DVRIRI WKH
7KHVVDORQLNL XUEDQ DUHD DVZHOO DV RQHRI WKH ODUJHVW LQ*UHHFH7KH WRWDO DUHDRI WKH0XQLFLSDOLW\RI
.DODPDULDFRYHUVNPDQG LWVSRSXODWLRQGHQVLW\ LVDSSUR[LPDWHO\UHVLGHQWVSHUNP5HVLGHQWV
DQGYLVLWRUVLQ.DODPDULDDUHVHUYHGE\WKHXUEDQSXEOLFWUDQVSRUWQHWZRUNZLWKEXVOLQHVRSHUDWHGE\
WKH 2UJDQL]DWLRQ RI 8UEDQ 7UDQVSRUW LQ 7KHVVDORQLNL 2$67+ 6RPH RI WKHVH EXV OLQHV FRQQHFW
.DODPDULDZLWKWKHHQWU\H[LWJDWHVRIWKHJUHDWHU7KHVVDORQLNLDUHDDLUSRUWWKHUDLOZD\VWDWLRQWKHSRUW
DQG WKH LQWHUXUEDQ EXV VWDWLRQ DV ZHOO DV RWKHU PDMRU SXEOLF FRQFHQWUDWLRQ SRLQWV HJ WKH 8QLYHUVLW\
FDPSXV DQG 7KHVVDORQLNL¶V FLW\ FHQWUH %XV LV WKH RQO\ SXEOLF WUDQVSRUWDWLRQ PHDQ WKDW H[LVW LQ
.DODPDULD6LQFH-XO\WKHILUVW0RELOLW\&HQWUHLQ*UHHFHRSHUDWHVLQWKH0XQLFLSDOLW\RI.DODPDULD
SURYLGLQJWKRVHVHUYLFHVWRWKHFLWL]HQVWKDWZLOODVVLVWWKHLUPRELOLW\LQWKHJUHDWHUXUEDQDUHD7KHVHDUH
SRLQWWRSRLQWPRELOLW\JXLGDQFHDQGVXSSRUWPRELOLW\JXLGDQFHWRSUHGHILQHGSRLQWVRILQWHUHVWDQGWKH
UHJLRQ¶VJDWHZD\VSRUWDLUSRUWHWFLQIRUPDWLRQSURYLVLRQDERXWXUEDQWUDQVSRUWDQGSRLQWVRILQWHUHVW
VXSSRUWIRUPRELOLW\LPSDLUHGSHRSOHDQGWLFNHWLQJVHUYLFHVIRUXUEDQDQGLQWHUXUEDQWUDQVSRUW


)LJ0DSRIWKHPXQLFLSDOLW\RI.DODPDULD
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ͶǤ5HVXOWV
'DWDRYHUYLHZDQGSUHSURFHVVLQJ
*HRJUDSKLFDOLQIRUPDWLRQV\VWHPV*,6DUHGHVLJQHGWRFDSWXUHVWRUHUHWULHYHSURFHVVDQDO\]HDQG
PDS JHRVSDWLDO GDWD*,6 FDQ KDQGOH WZR W\SHV RI GDWDPRGHOV YHFWRU DQG UDVWHU 7KH UDVWHU LPDJH
FRQVLVWV RI D UHJXODU JULG RI FHOOV WKDW GR QRW FRQWDLQ DWWULEXWH LQIRUPDWLRQ RI WKH GDWD &HOOV RI VDPH
FDWHJRU\KDYHDVLQJOH±VDPHYDOXH7KHUDVWHUPRGHOLVXVHGIRU0&(DQGPDSDOJHEUDFDOFXODWLRQV2Q
WKHRWKHUKDQGYHFWRULQFOXGHVERWKJHRJUDSKLFDOLQIRUPDWLRQ LQSRLQW OLQHVRUSRO\JRQVVWUXFWXUHDQG
DWWULEXWHV
'LIIHUHQWGDWDPRGHOVZHUHXVHGDWGLIIHUHQWSDUWVRIWKHUHVHDUFK,QWKHILUVWSDUW WKH*,6VRIWZDUH
$UF*,6ZDVXVHG7KHUHOHYDQWZLWKWKHIRXUUHVHDUFKYDULDEOHVZHUHVHOHFWHGDQGUHVSHFWLYHGDWDZDV
DFTXLUHG IURP GLIIHUHQW VRXUFHV SRSXODWLRQ DQG URDG QHWZRUN FKDUDFWHULVWLFV ZHUH SURYLGHG E\ WKH
$ULVWRWOH8QLYHUVLW\RI7KHVVDORQLNLSRLQWVRI LQWHUHVWE\ WKH1DWLRQDO7HFKQLFDO8QLYHUVLW\RI$WKHQV
WKH LQFRPH E\ WKH*HQHUDO 6HFUHWDU\ ,QIRUPDWLRQ6\VWHPVZKLOH WKH GLVWDQFH IURPSDUNLQJZDV DGGHG
PDQXDOO\7KHSURMHFWLRQRI WKHGDWDZDV WKH1DWLRQDO&RRUGLQDWH5HIHUHQFH6\VWHP*UHHN*ULG7KH
VWUHHW LQWHUVHFWLRQV ZHUH XVHG DV UHIHUHQFH OHYHO DQG WKH GDWD ZDV WUDQVIHUUHG WKHUH ZLWK GLIIHUHQW
PHWKRGRORJLHV
x 5HVLGHQWLDOSRSXODWLRQ
7KHVXPRIUHVLGHQWVWKDWOLYHPHWHUVDURXQGHDFKVWUHHWLQWHUVHFWLRQZDVDGGHGDVDWWULEXWH
x 1XPEHURISRLQWVRILQWHUHVW
7KHQXPEHURISRLQWVRILQWHUHVWORFDWHGPHWHUVDURXQGWKHLQWHUVHFWLRQV
x /RJDULWKPLFGLVWDQFHIURPSDUNLQJ
7KH(XFOLGLDQGLVWDQFHIURPWKHVKRSSLQJZD\ZDVILUVWFDOFXODWHGDQGWKHQMRLQHGWRWKH
LQWHUVHFWLRQV
x $YHUDJHLQFRPH
7KHPXQLFLSDOLW\ZDVGLYLGHGLQIRXU]RQHVRILQFRPH7KHDYHUDJHLQFRPHPHWHUVDURXQG
WKHLQWHUVHFWLRQVZDVXVHG

2QHRIWKHNH\TXHVWLRQVLQHYHU\PXOWLREMHFWLYHSUREOHPIRUPXODWLRQUHODWHVWRWKHZHLJKWVDVVLJQHG
WRHDFKRIWKHFRPSRQHQWV,QWKLVFDVHLQVWHDGRIGHWHUPLQLQJDSULRULH[DFWYDOXHVUHDVRQDEOHUDQJHVRI
YDOXHVKDYHEHHQFRQVLGHUHGIRUHDFKDWWULEXWH3RSXODWLRQLVGLUHFWO\UHODWHGZLWKWKHGHPDQGIDFWRUVRD
KLJKHUUDQJHZDVFRQVLGHUHG(OHFWULFFDURZQHUVDUHH[SHFWHGWREHZHDOWKLHUVRWKHUDQJHIRU
LQFRPH EXW DOVR IRU ORJDULWKPLF GLVWDQFH IURP SDUNLQJZDV FRQVLGHUHG EHWZHHQ 2Q WKH RWKHU
KDQGWKHQXPEHURISRLQWVRILQWHUHVWDQGWKHGLVWDQFHIURPSDUNLQJPD\EHOHVVLPSRUWDQWVRDUDQJHRI
ZDVFRQVLGHUHGIRUERWK&RQVLGHULQJWKHFRQVWUDLQWWKDWWKHIRXUIDFWRUVVKRXOGDGGXSWR
WKHH[SHULPHQWDOGHVLJQFRQVLVWVRIWKHIHDVLEOHFRPELQDWLRQVRYHUOD\VVKRZQLQ7DEOH
,QWKLVUHVHDUFKWKH5VRIWZDUHIRUVWDWLVWLFDODQDO\VLVLVXVHG5&'7DORQJZLWKSDFNDJHVIRU
UDVWHU YHFWRU DQG PDS DQDO\VLV 7KH YHFWRU DWWULEXWHV ZHUH UHVFDOHG LQ D FRPPRQ VFDOH IURP 
PLQLPXPWRPD[LPXPVRDVWRKDYHFRPSDUDEOHDQGLQWHUSUHWDEOHUHVXOWVUHJDUGOHVVRIWKHVFDOH
RI HDFKSDUDPHWHU7KH ORZHUYDOXHRI HDFKRULJLQDO YDULDEOHZDV DVVLJQHG WR WKH KLJKHVW WR  DQG
LQWHUPHGLDWH YDOXHV ZHUH FRQVLGHUHG E\ VHOHFWLQJ HTXDO LQWHUYDOV 7KHQ WKH UHVFDOHG YHFWRU GDWD ZHUH
FRQYHUWHGWRUDVWHUZLWKJULGVWHS[SL[HOVVRDVWRREWDLQDFRPSOHWHFRORXUHGVXUIDFHRIWKHDUHD
)LJXUHVKRZVWKHGLVSHUVLRQRIWKHYDULDEOHVDURXQGWKHVXUIDFHRILQWHUHVW
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7DEOH6HQVLWLYLW\DQDO\VLV
 :HLJKW*LYHQWRHDFK2EMHFWLYH
2YHUOD\ 3RSXODWLRQ
3RLQWVRILQWHUHVW

,QFRPH

'LVWDQFHIURP
SDUNLQJ
    
    
    
    
    
    
    
    
    
    
    
    
    

D3RSXODWLRQ E3RLQWVRILQWHUHVW
F,QFRPH G/RJDULWKPLFGLVWDQFHIURPSDUNLQJ

)LJ'LVWULEXWLRQRINH\H[SODQDWRU\YDULDEOHVQRUPDOL]HG
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$QDO\VLVRIVHQVLWLYLW\DQDO\VLVUHVXOWV
2QHRIWKHLVVXHVZLWKDVHQVLWLYLW\DQDO\VLVLQYROYLQJDODUJHQXPEHURIUHDVRQDEOHDOWHUQDWLYHVLVWR
GHYHORSDGHFLVLRQUXOHIRUPDNLQJDILQDOVHOHFWLRQ9LROLQSORWZKLFKLVDFRPELQDWLRQRIDER[SORWZLWK
NHUQHO SUREDELOLW\ GHQVLW\ LQGLFDWHG E\ WKH ZLGWK RI WKH ³YLROLQ´ VKDSH LV VXJJHVWHG IRU WKH
UHSUHVHQWDWLRQRIWKHUHVXOWVEHFDXVHWKHVWDWLVWLFDOLQIRUPDWLRQQHHGHGIRUWKHGHFLVLRQLVDOOLQFOXGHGLQ
WKLV JUDSK 7KH RXWFRPH RI WKH VHQVLWLYLW\ DQDO\VLV GHSLFWHG LQ )LJXUH  VKRZV WKDW WKH YDOXHV RI WKH
RYHUOD\V KDYH GLIIHUHQW GLVWULEXWLRQV ,W LV UHPLQGHG WKDW DQ RYHUOD\ LV WKH FRPELQDWLRQ RI WKH IRXU
YDULDEOHV XVHGZLWKGLIIHUHQWZHLJKWV$FFRUGLQJ WR WKH UHVXOWV RYHUOD\V    DQGKDYH KLJKHU
GHQVLW\ RI GDWD SRLQWV ZLWK VFRUH EHORZ  EHFDXVH RI WKH KLJK ZHLJKW RI ORJDULWKPLF GLVWDQFH IURP
SDUNLQJ $ ORZ SRSXODWLRQ FRHIILFLHQW  UHVXOWV LQ YLROLQV ³QDUURZ´ DURXQG WKH PHDQ YDOXH DQG
³ZLGH´DWWKHXSSHUDQGORZHUTXDUWLOHVRYHUOD\VZKLFKDUHQRWSUHIHUUHG7KHFRPELQDWLRQRID
KLJKSRSXODWLRQFRHIILFLHQWDVLJQLILFDQWKLJKZHLJKWIRULQFRPHDUHODWLYHO\ORZZHLJKWRI
SRLQWVRILQWHUHVWDQGDQHJDWLYHZLWKORZDEVROXWHYDOXHGLVWDQFHIURPSDUNLQJJLYHVD
PRUH XQLIRUPGHQVLW\ RI GDWD SRLQWVZKLFK FRYHU D KLJK UDQJH RI YDOXHV2YHUOD\1R  VDWLVILHV WKH
DERYH FULWHULD DQG LV VHOHFWHG IRU RXU SXUSRVH :KHQ DGGLWLRQDO GDWD DUH DYDLODEOH HJ HOHFWULF FDU
RZQHUVKLSGHPRJUDSKLFFKDUDFWHULVWLFVORFDWLRQVRIMREVRUKRXVHKROGVWKH\VKRXOGEHFRXQWHGLQVWHS
)LJXUHDQGWKHSURFHGXUHVKRXOGEHUHHYDOXDWHGVRDVWRDFKLHYHWKHRSWLPDOH[SDQVLRQRIWKHQHWZRUN


)LJ9LROLQSORW&RPSDULVRQRIGLIIHUHQW0&$VFHQDULRV

+DYLQJ FRPSOHWHG WKH VHOHFWLRQ RI WKH SUHIHUUHG RYHUOD\ WKH DFWXDO TXHVWLRQ LV GHWHUPLQLQJ WKH
SURSRVHG ORFDWLRQVIRU WKHHOHFWULFYHKLFOHFKDUJLQJVWDWLRQV)LJXUHSUHVHQWV WKHVHOHFWHGRYHUOD\ LQD
FRPELQHGJUDSKWKDWSUHVHQWVWKHHVWLPDWLRQUHVXOWVDVFRQWRXUVEXWDOVRLQGLFDWHVWKHGHQVLW\DFURVVWKH
WZRD[HVDVGHQVLWLHVDORQJWKH[DQG\D[HV

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
)LJ6HOHFWHGRYHUOD\1R

&RQFOXVLRQV

7KHQXPEHURIHOHFWULFFDUVLVJRLQJWRLQFUHDVHLQWKHQH[WIHZ\HDUVZKLOHFOHDUJXLGHOLQHVIRUWKH
RSWLPDOORFDWLRQRIHOHFWULFFKDUJHUVDUHPLVVLQJ,QWKLVSDSHUDQLQQRYDWLYHPHWKRGLVSURSRVHGIRUWKDW
SXUSRVH DQG D FDVH VWXG\ LQ WKHPXQLFLSDOLW\ RI.DODPDULD*UHHFH LV SUHVHQWHG 7KHPHWKRGRORJ\ LV
EDVHGRQWKH0XOWL&ULWHULD$QDO\VLVWKDWZDVILUVWLQWURGXFHGE\&DUYHU
,Q WKLV UHVHDUFK IRXU YDULDEOHV ZHUH FRPELQHG DQG DSSURSULDWHO\ ZHLJKWHG IRU WKH SXUSRVHV RI WKH
VHQVLWLYLW\DQDO\VLVµWRWDOSRSXODWLRQ¶µWRWDOQXPEHURISRLQWVRILQWHUHVW¶µDYHUDJHLQFRPH¶DQGµGLVWDQFH
IURPSDUNLQJ¶7KHUHVXOWVRIWKLVDQDO\VLVVKRZHGWKDWWKHRSWLPXPORFDWLRQRIHOHFWULFFKDUJHUVLVODUJHO\
DIIHFWHGE\WKHSRSXODWLRQDQGLQFRPHWRDOHVVHUH[WHQWE\WKHDYDLODELOLW\RISRLQWVRILQWHUHVWQHDUE\
ZKLOHLWLVQHJDWLYHO\DIIHFWHGE\WKHGLVWDQFHIURPSDUNLQJSODFHV
7KHUHOLDELOLW\RIWKHDERYHUHVXOWVDQGDVDFRQVHTXHQFHRIWKHRSWLPXPORFDWLRQRIHOHFWULFFKDUJHUV
GHSHQGV D ORW RQ WKH DYDLODELOLW\ RI D ZLGH UDQJH RI GLYHUVH GDWD VXFK DV HOHFWULF FDU RZQHUVKLS
GHPRJUDSKLFFKDUDFWHULVWLFVDQG ORFDWLRQRI MREVRUKRXVHKROGV7KHSURSRVHGPHWKRGZDV WHVWHG IRUD
FHUWDLQ W\SH YDULDEOHV DQG DPRXQW RI GDWD 7KH LPSRUWDQFH KRZHYHU LQ WKLV UHVHDUFK LV WKDW LW ZDV
GHPRQVWUDWHG KRZ WKH RSWLPXP ORFDWLRQ RI HOHFWULF FKDUJHUV FDQ EH LQYHVWLJDWHG DQG GHWHUPLQHG XVLQJ
DQGFRPELQLQJVHYHUDOPHWKRGVLHPXOWLFULWHULDDQDO\VLV*,6DQGVHQVLWLYLW\DQDO\VLV
7KH SURSRVHG PHWKRG KDV D ORW RI DSSOLFDWLRQ ILHOGV EH\RQG HOHFWULF FKDUJHUV ,W FDQ EH XVHG IRU
GHWHUPLQLQJ WKH RSWLPXP ORFDWLRQ RI RWKHU GHPDQG RULHQWHG VHUYLFHV RU IDFLOLWLHV VXFK DV PRELOLW\
FHQWUHVLQIRSRLQWVSDUNDQGULGHVWDWLRQVELNHDQGULGHVWDWLRQVHWF,WFDQEHSURYHGDXVHIXOWRRODWWKH



     
       
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KDQGV RI WUDQVSRUWDWLRQ DQG LQIUDVWUXFWXUH SODQQHUV LQ RUGHU WRPD[LPL]H WKH XVH RI VXFK VHUYLFHV DQG
IDFLOLWLHV

$FNQRZOHGJHPHQWV

7KLV UHVHDUFKKDVEHHQSDUWO\ IXQGHG WKURXJK WKH6XVWDLQ&LW\SURMHFWFRILQDQFHGE\ WKH(XURSHDQ&R
PPLVVLRQZLWKLQWKH)3SURJUDP
5HIHUHQFHV
&DUYHU 6  ,QWHJUDWLQJ 0XOWL&ULWHULD (YDOXDWLRQ ZLWK *HRJUDSKLFDO ,QIRUPDWLRQ 6\VWHPV ,QWHUQDWLRQDO -RXUQDO RI
*HRJUDSKLFDO,QIRUPDWLRQ6FLHQFH9RO1RSS
&KXUFK5*HRJUDSKLFDOLQIRUPDWLRQV\VWHPVDQGORFDWLRQVFLHQFH&RPSXWHUV	2SHUDWLRQV5HVHDUFKSS

&XUUHQW-	0LQ+0XOWLREMHFWLFH'HVLJQRI7UDQVSRUWDWLRQ1HWZRUNV7D[RQRP\DQG$QQRWDWLRQ(XURSHDQ-RXUQDORI2SHUDWLRQ
5HVHDUFK
&XUUHQW - 0LQ + 	 ' 6FKLOOLQJ0XOWLREMHFWLYH $QDO\VLV RI )DFLOLW\ /RFDWLRQ 'HFLVLRQV (XURSHDQ -RXUQDO RI 2SHUDWLRQDO
5HVHDUFKSS
'HQVKDP3-	5XVKWRQ*$PRUH(IILFLHQW+HXULVWLFIRU6ROYLQJ/DUJH30HGLDQ3UREOHPV7KH-RXUQDORI56$,
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